Background: Piper guineense (PG) and Sesamum indicum (SI) have been shown to be rich sources of antioxidants and other health benefits; hence, we evaluated the impact of its consumption in hypercholesterolemic model on lipid metabolism. Methods: Forty-eight animals were divided into eight groups of six rats each. Rats were given cholesterol (40 mg/0.3ml), PG and SI extract (100 and 200 mg/kg), and Questran (0.26 g/kg) orally, five times a week for 28 days. Lipid profile, hepatic antioxidant status, biomarkers of liver toxicity, and tissue histopathology were examined. Data were analyzed using one-way ANOVA and P<0.05 were considered statistically significant. Results: Cholesterol feeding caused 100% gain in weight, significantly increased AST, LPO (P=0.41 and 0.002) but significantly decreased SOD (P=0.003) compared to control. CHPG(1)/(2) and CHSI(1)/(2) caused a significant decrease (P=0.01, 0.005, 0.003, and 0.023) in cholesterol-induced body-weight gain and decreased serum total cholesterol by 20-30% compared to untreated-hypercholesterolemic rats. Triglyceride and LDL-c decreased with extract administration and specifically HDL-c increased significantly (P<0.001) by CHSI(1) compared to untreated-hypercholesterol rats. Furthermore, an increase in HDL-c was higher (P=0.04 and 0.002) by SI compared to PG at both doses. Conclusion: These results indicate that PG and SI exerts a hypolipidemic effect, reduces cholesterol intake induced body weight gain, and increases the body's antioxidant defense system in experimental hypercholesterolemia.
Introduction
Evidence abounds to substantiate the fact that diet offers protection against various diseases, especially those related to aging. Diets rich in fruits, vegetables, whole grains, and spices have been known to contribute to increased level of antioxidant. 1 Seeds have nutritive and calorific values, but could be used as spices to add aroma and improve the taste of food. Spices are necessary condiments in foods and many have been shown to be
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What's Known
•
Piper guineense (PG) stimulates the digestive enzymes of pancreas and protects against oxidative damage/lipid.
• Sesame oil has estrogenic, anti-inflammatory, and lipid-lowering properties.
What's New
• Aqueous extract of PG and SI at the tested doses exerted hypolipidemic effects, reversed the elevations witnessed in serum aminotransferase activities and lipid peroxidation levels, and ameliorated enzymatic and non-enzymatic antioxidant status in hypercholesterolemic rats.
• Our findings regarding the protective role of PG and SI lend support to the claims for the traditional usage of these plants.
good sources of antioxidants. Food consumption plays a crucial role in the management of disease, especially those related to dietary indiscretion, aside from medication. Hypercholesterolemia is one of the major risk factors for coronary heart disease (CHD) and atherosclerosis. 2 However age, estrogen replacement therapy, family history of CHD, cigarette smoking, hypertension, and diabetes mellitus among others could affect cholesterol level.
Plant-based remedies have also been recognized as therapeutic agents with little or minimal side effects. Several herbal preparations have been used to treat various ailments, such as diabetes, rheumatoid arthritis, atherosclerosis 3, 4 and some have been used to modulate cholesterol level. 1, 5 Piper guineense (PG) or African black pepper, a climbing perennial plant of the family Piperaceae, is used as spice, food preservative, insecticide, herbal medicine, and as fragrance in the cosmetic industry. 6 PG is used for the treatment of cough, bronchitis, intestinal diseases, and rheumatism. 7 PG stimulates the digestive enzymes, lowers lipid peroxidation, prevents oxidative damage, and inflammation. 8 Sesamun indicum (SI), locally known as Beeni seed in Nigeria, belong to the family Pedaliaceae. It is a staple food in both the Middle Belt and Northern Nigeria and often sold as antioxidants-rich health food. Sesame oil has been reported to have estrogenic, anti-inflammatory and lipids lowering properties. [9] [10] [11] [12] The acclaimed antioxidant and lipid-lowering properties of these seeds led us to evaluate the effect of the aqueous extracts in hypercholesterolemic rats and to compare the effect with a known hypocholesterolemic drug (Questran®). We demonstrate that the aqueous extract of PG and SI at the tested doses exerts hypolipidemic effect, reversed the elevations witnessed in serum aminotransferase activities as well as LPO level and ameliorated enzymatic and non-enzymatic antioxidant status in hypercholesterolemic rats. This complemented previously identified protective roles of PG and SI; also lends support to the claims for traditional usage of these plants.
Materials and Methods

Plant Extract
Seeds of SI and PG were purchased from Ojoo market (Ibadan, Nigeria) and were identified and authenticated in Botany Department Herbarium, University of Ibadan, Nigeria. 6, 12 Extraction of seeds were as stated earlier. 5 
Animals
Forty-eight male Wistar albino rats weighing between 85-130g were obtained from IMRAT and were housed in the Animal House of Biochemistry Department, University of Ibadan (Ibadan, Nigeria) at ambient conditions. Rats were acclimatized for two weeks on standard rat chow and were allowed free access to food and water ad libitum. Rats were randomly placed into eight groups of six rats each. Group 
Sample Collection
Animals were fasted for 24 h after the last dose of drugs and were sacrificed by cervical dislocation. Serum, tissue homogenate, and sections of liver and kidney for histology were as reported earlier. 5 
Biochemical Assays
Lipid profile was assayed using kits. Catalase (CAT), superoxide dismutase (SOD), reduced glutathione (GSH), malonyldialdehyde (MDA), and protein concentration were assayed spectrophotometrically using the established methods 6 and Randox assay kits were used for aspartate aminotransferase (AST) and alanine aminotransferase (ALT).
Statistical Analysis
All data are presented as the mean±SD (standard deviation). The data were analyzed by one-way ANOVA followed by student t-test using SPSS software package version 17.0 (SPSS Inc., Chicago, IL, USA). The differences were considered significant at P<0.05. Tables 1 and 2 show data on organ, body weight (bwt), and multiple-comparison. Cholesterol feeding caused almost 100% increase in CH compared to CTRL and was ameliorated significantly P=0.01, 0.05, 0.03, and 0.023 by CHPG(1), CHGP(2), CHSI(1) and CHSI(2), respectively.
Results
Body/Organ Weights in Cholesterol SI and PG Administered Rat
Data on proteins, serum lipids and its multiple-comparison are shown in tables 3 and 4. Cholesterol intake caused a significant increase (P=0.002) in total-cholesterol; elevated triglyceride, LDL-cholesterol, lipid-peroxidation and decreased protein level and HDL-cholesterol compared to control. CHSI(1) and CHSI(2) caused a significant increase in HDL-c (P=0.000 and 0.010), respectively compared to CH rats.
Cholesterol intake caused a decrease in liver GSH, SOD, GST activity compared with other treatment groups (table 5) and table 6 shows multiple-comparison data. There was an elevation in both AST and ALT in the serum of cholesterol only fed group compared to control.
Discussion
Hypercholesterolemia is a metabolic disorder characterized by high blood cholesterol level, a risk factor in the development of atherosclerosis and cardiovascular diseases (CVD). 13, 14 Hypercholesterolemia is a global problem and there is a close correlation between CVD and lipid abnormalities. 15, 16 Cholesterol level is regulated by its absorption, synthesis, and excretion. Dietary cholesterol affects total cholesterol, LDLc, and free radical generation in humans and animals. In recent years, CVD have been described as the leading cause of death worldwide. The enormous and growing burdens of CVD, especially in the developing countries can be attributed to the increasing prevalence of atherosclerotic diseases, urbanization, and other predisposing risk factors such as obesity, The present study demonstrated that cholesterol intake remarkably increased both body and liver weights in male rats, elevated serum lipids, increased LPO, but decreased SOD, GST, GSH and HDL-c. All these biochemical parameters were significantly attenuated in 19, 20 In this study, cholesterol feeding caused a significant increase in body weight of animals relative to control. Upon treatment with Piper guineense (PG) or Sesamum indicum (SI) and Questran, there was a significant reduction in body weight gain in treated-hypercholesterolemic animal compared to hypercholesterolemic control. It was also observed that liver weights of hypercholesterolemic rats were significantly increased when compared to normal control. Similar results were obtained by Harnafi et al. (2009) . 21 Increased body weight by cholesterol intake may be due to high rate of lipid deposition in the adipose tissues.
On the other hand, cholesterol intake caused an increase in total-cholesterol and triglyceride, this increase was associated with a concurrent decrease in HDL-cholesterol; thus, indicating cholesterol feeding induced hypercholesterolemia. 22 Linear correlation has been established between dietary cholesterol intake and mortality due to coronary heart disease. 23 Lipid close-packing structure, composition, configuration, plus high fat and cholesterol intakes affect plasma lipid level 24 and these are risk markers for obesity, diabetes, and coronary heart diseases. PG and SI caused a significant increase in HDL-c when compared with untreated hypercholesterolemic rats. SI had more than 100% increased at 100 mg/kg bwt than the reference drug, thus indicating cholesterol-lowering potential of plant extracts. 25 This result is in agreement with the previously documented report. 26 Added to this, there was a slight reduction in the protein concentration in untreated hypercholesterolemic rats compared to the control. A similar finding was revealed by Olorunnisola and co-worker in 2012. They reported that the declined level of total protein might be attributed to decrease in protein uptake from the intestine due to high-calorie lipid diet. This is an indication of diminished synthetic function of the liver resulting probably from hepatocellular injury or stress resulting from the increased metabolic need for tissue repair and free radical neutralization occasioned by the high-fat diet. The ability of the plant extracts to prevent reduction in total protein after cholesterol administration may be attributed to its free radical scavenging properties. 27 As observed in the current study, the increase in lipid peroxidation in hypercholesterolemic rats is an indication of increased oxidative stress. Similar results were obtained in previous studies in rats. 28 A possible explanation for the increased oxidative stress associated to hypercholesterolaemia could be the enhanced production of free radicals as a consequence of the higher cholesterol content of erythrocytes, polymorphonuclear cells, and platelets initiating a series of reactions that lead to ROS formation and the subsequent peroxidation of macromolecules.
29
Endogenous antioxidant such as SOD, CAT, GSH, GPx, GST, and non-enzymatic antioxidants such as tocopherols, carotenoids, and ascorbic acid can neutralize free radicals. Feeding cholesterol to rats in this study caused a decrease in hepatic SOD, CAT and GST activities as well as GSH level compared with the control. In agreement with previous studies, 30 the antioxidant status was restored in hypercholesterolemic rats treated with PG, SI, or Questran. The antioxidant defense system in the body can change with feed-intakes. 31 This depletion in antioxidants might lead to the generation of reactive oxygen species and oxidative stress with a cascade of effects, thereby affecting the membrane, causing lipid peroxidation and various pathological conditions that may include atherogenesis. 32, 33 The liver plays an essential role in lipid metabolism, several stages of lipid synthesis and transportation. ALT is primarily localized to the liver, but the AST is present in tissues like the heart, skeletal muscle, kidney, brain, and liver. 34, 35 AST activities in serum at any moment reflects the relative rate at which it enters and leaves circulation. In the present study, there was an elevation in both AST and ALT in the serum of untreated-hypercholesterolemic group compared to control. Our result is in agreement with previous study who reported that pomegranate extract decreased serum ALT and AST in rats. 36 An increase in the levels of serum marker enzymes is generally regarded as one of the most sensitive index of the hepatic damage. The plant extract significantly suppressed the increase of transaminases and MDA, suggesting a protective role of the plant extract against oxidative stress. Photomicrographs of histopathology result of liver tissue are shown in figure 1 . Histologically, the results of this study showed no visible lesions in the control groups, but showed lesions in untreated-hypercholesterolemic rats. Hypercholesterolemic rats co-treated with either Questran, PG and SI showed mild lesions.
Conclusion
Taken together, the results from the present study indicate that the aqueous extract of PG and SI exerts a hypolipidemic effect, reduces cholesterol-induced body weight gain, and increases the body's antioxidant defense system in experimental hypercholesterolemia in rats. The mechanism has pointed towards inhibiting lipid peroxidation and mitigating oxidative stress by diminishing free radical generation, especially reactive oxygen species and ameliorating the endogenous antioxidants. 
